Objective: Leptin is an adipocyte-secreted hormone acting as a signal to the central nervous system, where it regulates energy homeostasis and neuroendocrine processes. Leptin plasma levels are mainly regulated by the percentage of body fat, but are also controlled by several metabolic and nutritional variables. Data regarding leptin secretion suggest that it is gender regulated, and higher levels are present in women than men; however, the biological basis for this sex-related difference is unknown. To clarify those points, a systematic study with tissue cultures from human omental adipose tissue was performed. Design and methods: Surgically obtained samples from 137 patients (68 women, 69 men) were evaluated. The assay was standardized in periods of 24 h ending at 96 h. Each adipose tissue sample from a single donor was incubated in triplicate and leptin results expressed as the mean of the integrated secretion into the medium (nanograms of leptin/g tissue per time). Results: Tissue adipose cultures showed a steady leptin secretion throughout the 96 h studied, with the peak of secretory activity reached at 48 h; afterwards, the in vitro secretion reached a plateau state. Spontaneous leptin secretion in the 24 h and 48 h period, as well as the area under the curve analyzed in the 0±48 h period, showed a gender-based difference that was significantly P , 0X05 higher in women than in men. When data of spontaneous leptin secretion were correlated with the body mass index (BMI) of the donors, no correlation was found. This suggests that in vivo leptin levels are dependent on the total amount of fat of the individual, but independent of the leptin secretory rate by the adipose tissue of the donor. Conclusions: Leptin secretion from omental adipose tissue in vitro is: (i) significantly higher in samples from women than in samples from men; and (ii) not correlated with the BMI, showing that in vitro leptin secretion is not related to the adiposity of the donor.
Introduction
Leptin, the ob gene product, is a 167-amino acid hormone secreted by adipocytes with a predicted tertiary structure resembling that of cytokines (1±7). It acts as an afferent satiety hormone to the hypothalamus signaling the amount of body fat stores (8±11) and then regulating appetite, weight gain and fat deposition (12) . Leptin plasma levels correlate mainly with the adipose tissue stores. But it is not a simple relationship: its levels increase in parallel to the volume of adipose stores, which would seem to suggest an exponential increase with increasing fat mass. Moreover, the decrease in circulating leptin in fasting is disproportionate to the reduction in fat mass (13) . Since leptin levels are correlated with metabolic function, the participation of leptin in new physiologic and pathologic processes has been described, such as the regulation of growth hormone secretion, thyroid hormones and glucocorticoids, reproductive function and angiogenesis (13±15). In addition, glucocorticoids and insulin stimulate leptin synthesis from the adipose tissue, whereas adrenergic activation and testosterone induce an inhibition (16±18). Furthermore, we have recently demonstrated that low temperatures reduce leptin secretion by acting directly on the adipose tissue (19) . It is important to emphasize that leptin levels present noteworthy gender differences, with higher levels in women than in men; this difference is evident even from the first hour of life (20, 21) . At present, no biological explanation has been proposed for these remarkable gender differences.
The aim of the present study was first to confirm if the gender differences in spontaneous leptin secretion could be observed in vitro, in a large series of adipose tissue samples, and secondly to evaluate the role of the body mass index (BMI) of donors in the in vitro leptin secretion of the samples.
Materials and methods
Omental adipose tissue was obtained from 137 patients during elective abdominal surgery; the group was composed of 68 females (age 61X9^2X0; BMI 27X00
X5Y range 19X5±37X2 and 69 males (age 62X3^1X9; BMI 26X6^0X4Y range 18X0±35X3X Patients were taking no drugs or antibiotics at the time of abdominal surgery and the presence of malignancy was an exclusion criterion. The study was approved by the hospital ethics committee, and each participating subject provided informed consent. All patients were admitted to hospital for elective abdominal surgery.
In vitro leptin secretion was evaluated as previously described (20) . In brief, excised adipose tissue was immediately transported to the laboratory in ice-cold Krebs±Ringer±Hepes buffer (NaCl, 125 mmol/l; KCl, 5 nmol/l; MgSO 4 , 1.2 nmol/l; CaCl 2 , 2 mmol/l; KH 2 PO 4 , 1.2 mmol/l; glucose, 6 mmol/l; Hepes, 25 mmol/l; pH 7.4). After removing blood vessels and connective tissue, adipose tissue was washed with sterile Krebs±Ringer± Hepes and cut into small pieces with sharp scissors. Tissue fragments were placed in six-well dishes (300±400 mg adipose tissue per well) containing 2.5 ml Dulbecco's modified Eagle's medium plus 0.5% fetal calf serum, Figure 1 Means^S.E. of spontaneous leptin secretion into the incubation medium from omental adipose tissue samples of 68 women and 69 men. Tissue samples from each subject were incubated in triplicate, and values are presented as either 24 h incubation period (bars), cumulative release to the medium (lines) or AUC (bars). *P , 0.05 vs women for secretion in the same period.
supplemented with penicillin (100 U/ml) and streptomycin sulfate (100 mg/ml). After a preincubation period of 1 h at 37 8C under a humidified atmosphere of 95% air± 5% CO 2 , the media were aspirated and 2.5 ml fresh medium were dispensed into each well. Culture media were then collected every 24 h and replaced with fresh medium.
The adipose tissue from a given subject was independently incubated in triplicate and the medium was collected and analyzed every 24 h to obtain: the 24 h secretion, the cumulative secretion until 96 h and the integrated secretion (area under the curve (AUC)) at different time periods. Samples were stored at 220 8C until leptin assay. Leptin levels were measured by RIA using commercial kits (Human Leptin RIA; Linco Research Inc., St Charles, MO, USA). The limit of sensitivity was 0.5 mg/l, the intraassay coefficient of variation was 8.3% and the interassay coefficient of variation was 6.2%.
Statistical analysis
The mean BMI, defined as weight in kilograms divided by the square of the height in meters, was calculated. Leptin secretion was expressed as the total amount of leptin secreted into the well by a given sample (in nanograms) divided by the amount of fat tissue of the sample at the time considered, i.e. ng leptin/g tissue per 24 h. The integrated AUC was calculated by the trapezoidal method. Unless otherwise specified, all data are presented as means^S.E. ANOVA, a t-test for unpaired data and the Mann±Whitney test were used when appropriate; the correlation study was evaluated with a simple regression test. P , 0X05 was considered significant. Statistical analysis was carried out using Statview 5 for Windows software 1999 (SAS Institute Inc., Cary, NC, USA).
Results
Spontaneous leptin secretion by omental adipose tissue into the incubation medium was progressive in samples (n 137) of both sexes from 0 to 96 h (Fig. 1) . In the 24 h periods analyzed, leptin secretion significantly increased until 48 h in samples from both sexes. Thereafter, the secretion was well preserved, but with no significant increase, indicating that the in vitro model reached a plateau in spontaneous leptin secretion (Fig. 1) . In both the 24 h and 48 h periods leptin secretion was significantly higher in women than in men (P , 0.05) (Fig. 1) . Analyzed as the integrated secretion (AUC as nanograms of leptin per g tissue/48 h) leptin secretion in female samples (n 68; 2902^192) was significantly higher (P , 0.05) than that in male samples (n 69; 2566^261). Part of these results was previously reported (20) .
In order to evaluate whether the adiposity of the donor may influence the spontaneous leptin secretion by the adipose tissue in vitro, a simple regression analysis was performed. As Fig. 2 shows, no correlation was observed in either sex between the BMI of the donors and leptin secretion in adipose samples, at 48 h. Similar results were obtained at all other time periods analyzed (data not shown).
Discussion
Leptin plasma levels seem to reflect the net amount of body fat for a given individual although a good degree of variability for individuals with similar amounts of fat mass was evident (13±19). This strong variability demonstrates that besides the net amount of adipose reserves, circulating leptin levels also reflect other variables that are still not well clarified. Circulating leptin levels show clearcut, gender-based differences, with higher values in women than men, a fact that requires explanation. The fact that female adipose tissue secretes more leptin than male tissue might be explained by an intrinsic property of female adipocytes; alternatively it could be explained as a consequence of the different hormonal milieu which impinges upon female adipose tissue. In any case, the only way to clarify the point is to analyze leptin secretion in vitro, a state in which non-hormonal variables are implicated. This point is of foremost relevance, as we have previously demonstrated that female adipose tissue, but not male explants, change their rate of leptin secretion depending on the presence of gonadal and adrenal steroid hormones (20) .
In this study, when spontaneous leptin secretion was assessed in vitro in a large group of non-stimulated samples, a clear-cut gender difference was observed, as spontaneous leptin secretion by omental adipose tissue of female donors was higher than that from men. This confirms a preliminary report in vitro with a small number of samples analyzed (20) . As the gender difference vanished over time, it is possible that the action of certain steroid hormones (glucocorticoids, estrogens) could be still operative in vitro in the first 48 h of study, disappearing later on (20) . If this were true, the gender differences would be due to either hormonal regulation or receptor characteristics of the tissues.
To the best of our knowledge, this is the first demonstration that leptin secretion is not related to the adiposity of the donors. Although not directly assessed, it is assumed that obese subjects have larger adipocytes than lean ones, and as the samples here presented were normalized by weight it should be expected that explants from obese individuals would contain fewer but larger adipocytes than tissue samples from leaner donors. This presumptive adipocyte size difference was not translated into differences in leptin secretion. This may be taken as indirect suggestion that the net amount of fat and not the size or number of the adipocytes is the relevant factor controlling the circulating leptin levels.
In conclusion, in vitro leptin secretion from a very large series of adipose tissue samples was significantly higher in women than in men, confirming the gender differences in basal leptin secretion previously reported (20) . Adiposity of the donor did not affect weightnormalized in vitro leptin secretion, suggesting that is the net amount of fat and not the adipocyte size or number that is the variable conditioning plasma leptin levels. The adipose tissue cultures showed a clear-cut gender-based difference in leptin secretion, confirming the presence of a strongly different`adipocyte sex'.
